Hemarthria compressa (L.F.) R. Br. (whip grass) is found in southwest China. It is a stoloniferous, perennial, tropical grass belonging to the tribe Andropogonea of the family Poaceae (Yang et al., 2004) . In the past 50 years, studies conducted by Sichuan Agricultural University promoted the registration of "Guangyi" cultivar by the China Forage Registration Committee (CFRC). Due to its high yield and good heat tolerance, it is the most common variety of H. compressa that is planted in artificial grassland at the Yangtze River Valley (Fan et al., 2010) . H. compressa produces few seeds but is able to grow clonally through rhizomes and stolons (Chobtang et al., 2013) . Therefore, if variations within the same cultivar clone from different localities are obtainable, one can select the desired clone from the cultivar. However, there still exists the need for new germplasm resources, created by different methods, such as radiation or transgene techniques. To address this, we used inter-simple sequence repeat (ISSR) e and sequence related amplified polymorphism (SRAP)-based techniques to analyze the genetic stability of the "Guangyi" cultivar, which is the whip grass variety commonly used in China for breeding (Yang et al., 2004) .
Accurate identification of cultivars is necessary to protect the intellectual property of breeders, ensure purity for consumers, and guarantee effective use of cultivars. Molecular markers are also useful for the identification of cultivars or germplasms (Howell et al., 1994) , and molecular techniques are thought to be an improvement over morphological identification. Primers targeting ISSRs can be used for PCR amplification of DNA (Sá et al., 2011) . These markers are typically composed of a microsatellite sequence that is anchored at the 3 0 or 5 0 end by two to four arbitrary nucleotides (Fan et al., 2007; Huang et al., 2011) . DNA samples can be subsequently purified and sequenced, and then they can be used for cultivar identification. This technique has proven to be a rapid, simple, and inexpensive way to assess genetic structure and diversity, and to analyze the genetic relationships among cultivars. SRAPs are another new family of molecular markers first introduced in 2001 (Li and Quiros, 2001) . The SRAP technique consists of PCR amplification of open reading frames (ORFs) , and it has been applied extensively in the construction of genetic linkage maps (Lin et al., 2003) , the analysis of genetic diversity (Alghamdi et al., 2012) , and the construction of transcriptome maps (Li et al., 2003) for different species.
There are only three cultivars of whip grass in the world. Leaf colors of the "Guangyi" cultivar are green with white, and those of "Yaan" and "Chonggao" are green. Therefore, we can easily identify "Guangyi" through the examination of morphological characters (Huang et al., 2008) . However, "Yaan" and "Chonggao" cannot be distinguished by phenotype alone; thus, molecular markers may be a useful approach for distinguishing these two cultivars. Here, we use ISSR and SRAP markers to examine the genetic stability of the "Guangyi" cultivar collected from south China. The objectives of this study were to: (1) investigate the genetic stability of the "Guangyi" cultivar from four cultivated populations from China using ISSR and SRAP markers, and (2) construct DNA fingerprinting profiles of the three whip grass cultivars mentioned above in order to facilitate the genetic identification of these cultivars. 2. Materials and methods
Plant materials
A total of 35 specimens of the "Guangyi" cultivar were collected from six different localities and brought to the laboratory for analysis. For each of the 35 specimens, 10 individuals were collected randomly from the Sichuan Agricultural University, and 0.5 g of young and clean leaves was selected per plant. Sequences from the other two cultivars ("Yaan" and "Chonggao") and three wild accessions were used as references for molecular marker studies and as outgroups for phylogenetic analyses (Table 1) (Liu et al., 2006) .
DNA extraction
Total genomic DNA from each specimen was extracted using a standard cetyltrimethyl ammonium bromide (CTAB) method (Porebski et al., 1997; Wu et al., 2010) . DNA was quantified by comparing it to a known, diluted Lambda DNA marker (Invitrogen Life Technologies, Brazil) that was run out on a 0.8% agarose gel and stored at À20 C until interpreted.
ISSR-PCR and SRAP-PCR amplification
Ninety-six ISSR primers and 228 SRAP primers synthesized by the Shanghai Sangon Biological Engineering Technology and Service Company (Shanghai, China) were screened initially for ease of amplification, overlap between samples, and lack of multiple bands. Seven ISSR primers that produced clear, amplified bands were selected for use in a genetic stability analysis (Table 2) . Each sample was then amplified using each of the primers. The 20 mL PCR reactions each consisted of 1.5 mM MgCl 2 , 0.4 mM dNTPs, 0.8 mM primers, 10 ng template DNA, and 1 U Taq DNA polymerase (Tiangen Biotech, Beijing, China). PCR amplification was performed under the following conditions: denaturation step of 5 min at 95. 
Data analysis
Only bands that could be unambiguously scored across all samples were used in this study. Amplified ISSR and SRAP fragments with the same mobility (according to molecular weight, as assessed by number of bp), were scored manually for band presence ("1") or absence ("0"). The resulting data matrix was analyzed using POPGENE 1.32 (Yeh et al., 1997) , assuming HardyeWeinberg equilibrium, to estimate both the genetic diversity parameters and the percentage of polymorphic bands (PPB) for each sample. The data matrix was then used to calculate the Genetic Similarity (GS) index, using the equation: 
where N ij is the number of bands common to genotypes i and j, and N i and N j are the total numbers of bands observed for genotypes i and j, respectively (Nei, 1978) . Genetic relationships among samples were estimated using an Unweighted Pair-Group Method with Arithmetic mean (UPGMA) cluster analysis of the GS matrix, implemented in NTSYS-pc v2.02 (Rohlf, 1998) .
Results

ISSR and SRAP analyses
The total number of bands per sample produced by the seven ISSR primers ranged from six (UBC860 and UBC873) to 13 (UBC856), with an average of 9.57 (Table 3 ). The average number of polymorphic bands within this species was 5, with an average of 51.0% polymorphism (genetic variation) within the H. compressa species. The total number of bands produced by seven SRAP primers ranged from 6 to 7, with an average of 6.71 (Table 3 ). The average number of polymorphic bands within H. compressa species was 2.71. However, for ISSR, only primers UBC810 and UBC817 successfully amplified polymorphic bands in the "Guangyi" cultivar, and the polymorphic bands number of the two was 1 and 1, respectively. For SRAP, only primer me2þem5 successfully amplified polymorphic bands (2 total) in the "Guangyi" cultivar. Both ISSR and SRAP primers were able to provide information on the genetic stability of the "Guangyi" cultivar ( Fig. 1) . Compared with ISSR, SRAP amplified fewer polymorphic bands (35 for ISSR versus 19 for SRAP).
Cluster analyses
Since the SRAP and ISSR markers cover different regions of the plant genome, both SRAP and ISSR data were concatenated into a single matrix for UPGMA cluster analysis. The results showed that samples from different cultivars clustered together with high genetic similarity. At the genetic similarity coefficient value of 0.83, five major clades were recovered in our dendrogram describing H. compressa relationships (Fig. 2) . Thirty-five "Guangyi" samples from four disparate geographic areas clustered into group I. Group II included 5 samples: "Yaan" 2, 3, 5, 6, and 7. H037 was the sole member of group III. Group IV consisted of 5 accessions: "Chonggao" 1, 2, 3, 4, and 5. Lastly, H046 and H051 formed group V. 
DNA fingerprinting
Based on comparisons of the seven primers used in ISSR analyses, primer UBC873 was selected and subsequently used to construct DNA fingerprint profiles of "Guangyi," "Chonggao," and "Yaan." Primer UBC873 amplified six reproducible ISSR bands from these three cultivars. From the DNA fingerprint profiles we constructed, was clear that each cultivar has a unique pattern that can be easily distinguished from the others (Fig. 3) . From a survey of the seven primers used in the SRAP analysis, primer me10þem5 was selected and then used to construct the DNA fingerprints of "Guangyi" cultivars: YD01, OF01, OF02, H001, H002, 2001-1, 2, 3, 4, 5, and 6; "Chonggao" cultivars, including 1, 2, 3, 4, and 5; and "Yaan" cultivars, including 2, 3, 5, and 6. For primer me10þem5, seven reproducible and reliable SRAP bands were amplified from he above-listed samples. From the DNA fingerprints that were constructed, it was clear that each of these cultivars has a unique fingerprinting pattern that can be easily distinguished from the others (Fig. 3) .
Discussion
To characterize the genetic stability of H. compressa cultivars, we compared SRAP and ISSR patterns of 48 individuals from different geographic regions in southwest China. Identification and analysis of the genetic stability of H. compressa cultivars are traditionally based on morphological characters, and this kind of analysis requires careful and sometimes tedious observation (Zhao et al., 2006) . In addition, morphological analysis takes a long time and is easily confounded by differences in the developmental stage, cultivation conditions, environmental conditions for growth, and even sampling error (Ge et al., 2012) . ISSR and SRAP markers are thought to be able to overcome many of the limitations of morphological and biochemical markers . Here, the analysis of ISSR and SRAP markers was used to evaluate the genetic stability of H. compressa cultivars. Based on our results, we were able to characterize the genetic stability of the "Guangyi" cultivar. Previous studies have shown that Cynodon dactylon was genetically unstable, and this was easily detected by DNA amplification with minihairpin primers (Caetano-Anollés and Gresshoff, 1994; Caetano-Anollés, 1998) . The author suggested that genetic variation may have been the result of somatic mutation (Zhang et al., 2008) .
Cultivar identification is important for the protection and understanding of H. compressa, a species that has had a significant impact on the development of animal husbandry and agricultural fundamentals (Wünsch and Hormaza, 2002) . Here, we demonstrated that ISSR and SRAP markers are greatly polymorphic, with the potential for large-scale DNA fingerprinting of H. compressa. Our work is also the first report of a DNA fingerprint profile of ISSR and SRAP for H. compressa, and the information we presented here could form the basis for the molecular identification of H. compressa cultivars. To this end, the continued collection and preservation of "Guangyi," "Chonggao," and "Yaan" cultivars of H. compressa will be important for the preservation of genetic information from populations across China. Here, primer UBC873 was used to construct DNA fingerprint profiles of "Guangyi," "Chonggao," and "Yaan" cultivars, based on an ISSR analysis with seven primers. Primer me10þem5was selected and used to construct DNA fingerprint profiles of these cultivars in order to provide unique molecular identification tools for these cultivars.
